ABSTRACT
INTRODUCTION
ollowing the pioneer work of Burn and Mitchell (1946) , economists have long been interested in the asymmetry in business cycles and many U.S. economics variables. It has been well documented that many U.S. macroeconomic variables exhibit a prolonged periods of expansion which are longer and slower than the contractionary period. One of the macroeconomic time series that have generated much attention among economists is the unemployment rate. The presence of asymmetry in unemployment rate, or the lack thereof has an important implication for modeling the labor market. Since the use of Markov chain model by Neftci (1984) in examining the asymmetry in aggregate U.S. unemployment rate, subsequent research include Falk (1986), Rothman (1991) , Sichel (1993) and Ramsey and Rothman (1996) have investigated the asymmetric unemployment behavior through the use of new statistical non-structural techniques.
One of the statistical techniques that have been widely implemented in examining the asymmetry in economic time series is the time reversibility test developed by Ramsey and Rothman (1996) . Time reversibility test is superior to other conventional tests for asymmetry because it (1) determines the type of mechanism generating the stochastic process of economic time series and (2) identifies the forms of non-linear structure which left undiscovered by other techniques (Rothman, 1992). 1 Most of previous research has examined the asymmetry in the unemployment in the U.S. and other developed countries at the aggregate level. This paper examines the presence of asymmetry in the U.S. unemployment rates at the state level, employing the time reversibility test developed by Ramsey and Rothman (1996) . Regional differences in labor markets and variation in the industrial structure of the economies of individual states may give rise to patterns of asymmetry in unemployment rates that differ from the behavior of unemployment in the aggregate. The asymmetric properties revealed will provide insights for regional economists and policy makers providing evidence for the theoretical modeling of labor markets as well as guidance for designing appropriate forecasting models of state level unemployment.
The issue of dynamic asymmetries in business cycle and macroeconomic time series has also been investigated for data from economies other than the U.S. Holly and Stannett (1995) tested for asymmetric dynamics in U.K. consumption by employing BDS statistics and Sichel's steepness and deepness statistical tests. They found evidence of deepness but not steepness asymmetry in consumers' expenditure. In 2001, Bodman applied the triples test and the BDS non-linearity test to several Australian macroeconomic variables. He found evidence of nonlinearity and steepness asymmetry in consumer price index, M3, and unemployment rate. Using a Markov chain process, skewness test, and time reversibility test, Kohns (2001) tested for asymmetry in unemployment data in British, Germany, and U.S. The empirical results suggested that unemployment rates of these three countries exhibit steepness asymmetry of quick increase but slow decrease. Ramsey and Rothman (1996) is employed to empirically examine the pattern of U.S. state unemployment rates. The time reversibility (TR) test was originally designed to investigate the asymmetric nature of business cycles and many macroeconomic variables. A business cycle is deemed asymmetrical if the duration of upturns is longer than the duration of downturns. The time reversibility (TR) test is conducted by testing for the equality between certain pair of moments from its joint probability distributions of a time reversible time series } { t X . Time series } { t X is time reversible if 2 The formal definition of time reversibility is that for any time reversible time series, the probabilistic structure of a series going forward and backward in time should be the same.
METHODOLOGY

Time reversibility test developed by
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The TR test statistic is the difference between a sample estimate of the symmetric bicovariance function of a mean zero stationary time series } { t X with T observations, , for each lag is ascertained using the empirical sample distribution generated via Monte Carlo simulations.
The joint test for a set of ) ( 1 , 2 k  = 0 is also performed based on the time reversibility portmanteau statistic, To further identify the underlying source of asymmetry or time irreversibility in state unemployment, the time reversibility test is conducted on the ARMA residuals from the fitted model. Ramsey and Rothman (1996) show that asymmetry can stem from two sources: (1) the underlying model is nonlinear but the innovations are normally distributed (Type I time irreversibility); or (2) the underlying model is linear but the innovations follow non-Gaussian probability distribution (Type II time irreversibility 
If the time series process is Type I time irreversibility, the approximation via an ARMA (p, q) will reduce the power of the test and, hence, results in rejecting the null hypothesis of time reversibility on the residuals most of the time. Therefore, if the null hypothesis of time reversibility is rejected for both the raw data and ARMA residuals, the rejection is of Type I time irreversibility (asymmetry in the functional form of the unemployment series). On the other hand, if it is rejected on the raw data but not on the ARMA residuals, it indicates Type II time irreversibility (asymmetry in the innovations).
The signs of TR test statistic ) ( 
DATA AND EMPIRICAL RESULTS
Data
Monthly seasonally adjusted unemployment rates for all the 50 states, District of Columbia and Puerto Rico were obtained from the Bureau of Labor Statistics, http://www.bls.gov. The investigated sample period is from 1978:Q1 to 2004:Q3 for all the states, with the exception of California whose sample begins in 1980:Q1. Quarterly unemployment rates are computed as the average of the monthly unemployment rates for that particular quarter. To be consistent with Ramsey and Rothman (1996) , the time reversibility test is performed on the first difference of the unemployment rate (X t We provide descriptive statistics of the first difference of the unemployment rate series in Table 1 . During the period studied, the change in unemployment rates for most of the states on average is negative. Eleven states, namely Iowa, Kansas, Minnesota, North Carolina, Ohio, Oregon, South Carolina, South Dakota, Texas, Utah, and Wyoming report the positive change in unemployment rates. The unemployment rate in Nebraska does not vary during the period studies. Puerto Rico provides the highest decrease in unemployment rate of 0.08% and Oregon shows the highest increase in unemployment rate of 0.02%. The change in unemployment in Puerto Rico shows the greatest variation over the sample period and exhibits the highest standard deviation (0.71%), while South Dakota reports the most stable labor market exhibiting the lowest standard deviation (0.25%).
Out of fifty states, the District of Columbia and Puerto Rico, twenty-five series show asymmetry as indicated by significance of skewness coefficients. The distribution of the first difference in unemployment rates for all of these twenty-five states, except for Louisiana, is positively skewed. This implies that unemployment rate exhibits an asymmetric pattern of a quick increase during recession but a slow decrease during the expansionary phase of the business cycle. The strongest asymmetric behavior of unemployment rate exists in the state of Georgia, as evidenced by the largest skewness coefficient of 2.79. Additionally, more than half of the states under investigation show significance of high kurtosis. This suggests that, big shocks are more likely to be present in the labor market and the unemployment rate series may not be normally distributed. The Jaque-Bera test statistics provide evidence against the normal distribution for almost all of the fifty states, and the District of Columbia and Puerto Rico. 4 The last characteristic of the unemployment rate series examined in Table 1 is autocorrelation. The LjungBox statistic (1978) , as denoted in the final two columns labeled by Q(6) and Q(12) show that the null hypothesis of no autocorrelation of the 6 th and 12 th order are rejected for all states at the 1 percent significance level, with the exception of Georgia where the rejection occurs at the 5 percent significance level at the 12 th order.
5
Time Reversibility Empirical Results
The stationarity of the differenced unemployment rate series are confirmed via Augmented Dickey Fuller and Phillips-Perron unit root tests. The null hypothesis of a unit root is rejected at the traditional significance levels for all the states.
6 Subsequent to the finding of stationarity, the change in unemployment time series of each state is used to calculate the TR test statistics for lags 1 to 10. The maximum lag length of 10 is chosen to preserve the power of the test on one hand and to maintain enough of a time span to capture the business cycle on the other. Since the series are not independently distributed, the variances of TR test statistics are generated by Monte Carlo simulation of the hypothetical ARMA model which generated the data. The ARMA coefficients and their respective ) ( k  values for all 10 lags are jointly significantly different from zero for all the states with the exception of Alaska, the District of Columbia, Hawaii, Louisiana, Missouri, Montana, and Puerto Rico. Consistent with the finding of asymmetry in U.S. aggregate unemployment rate documented by Ramsey and Rothman (1996) , the dynamic behavior of unemployment rates at the state level are asymmetric or time irreversible with the exception of these five states and two territories which exhibit a symmetric pattern. The P 1,10 portmantaeu statistics reject the null hypothesis of symmetry at the 1% significance level for most states. Additionally, the unemployment rate of Michigan shows the strongest degree of asymmetric behavior with the highest value of P 1, 10 . To further identify the source of asymmetry, TR tests are performed on the residuals derived from fitting ARMA model and the results are reported in Table 3 . Since the residuals obtained from the ARMA model are IID, the variances of the TR test statistics are calculated using Theorem 2. The portmanteau TR test statistics jointly reject the null hypothesis of time reversibility at the 1% level for California, and 5% level for Georgia and North Carolina and at the 10% level for Kansas. The asymmetric behaviors of unemployment rate in California, Georgia, North Carolina, and Kansas are consistent with Type I time irreversibility where the source of asymmetry is due to nonlinearity in the functional form as opposed to non-Gaussian or asymmetric innovations. Understanding the underlying 4 Unemployment rates series in thirteen states exhibit normal distribution as shown by the test statistics of skewness, kurtosis, and Jarque-Bera. They are the unemployment rates of Alaska, Connecticut, Maryland, Mississippi, Montana, New Hampshire, New Mexico, New York, Puerto Rico, South Carolina, Vermont, Washington, and Wyoming. 5 Under the null hypothesis of no serial correlation, the Q-statistics, Q(k), are distributed asymptotically as chi-squared with k degree of freedom. 6 Both the Augmented Dickey Fuller and Phillips-Perron unit root tests are performed on the models with and without trend. The results are not reported here but are available from the authors upon request. 7 The results of identification of ARMA model of each state unemployment rate series are not reported here. They are available from the authors upon request. The autoregressive (AR) and the moving average (MA) terms are chosen using a number of criteria: the Akaike Information Criterion (AIC), the Schwartz Information Criterion (SBC), the absence of serial correlation in the residuals, and the significance of the coefficients on the AR or MA models. 
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30 mechanism generating such asymmetric behavior is crucial because it provides information for modeling the unemployment rate behavior. Evidence reported here suggests that a non-linear model will provide a better representation of the dynamic behavior of the unemployment rates of California, Georgia, North Carolina, and Kansas. For the other forty-one series, the unemployment rates which are originally found to be time irreversible are time reversible when IID residuals are examined. This suggests that steepness asymmetries of these states are consistent with Type II time irreversibility where the asymmetries are caused by non-Gaussian innovations underlying a linear model. Hence, the linear model is deemed appropriate in characterizing the asymmetric behavior of these states.
Examining the sign of the TR test statistics for each lag shows that the individual TR test statistics have a positive sign for almost all of the 10 lags for those states which are found to be time irreversible, with the exception of the TR test statistics of Alaska, Arkansas, District of Columbia Oregon, Georgia, Iowa, Missouri, Montana, North Dakota, Puerto Rico and Washington which show no discernible pattern in the signs of these statistics over all 10 lags. This suggests that the unemployment of most states exhibit "fast-up and slow-down" asymmetric behavior. This is consistent with counter-cyclical asymmetry where the unemployment increases quickly during the recession but decreases slowly during the expansion phase.
CONCLUSION
Using the non-structural time reversibility test for asymmetry, this paper empirically examines the asymmetric behavior in the unemployment rates of fifty states in the U.S. including the District of Columbia, and Pueto Rico during 1978:Q1 to 2004:Q3. Out of the 50 states, Puerto Rico and the District of Columbia, the time series properties of unemployment rates for seven states are time reversible or symmetric. This group includes; Alaska, District of Columbia, Hawaii, Louisiana, Missouri, Montana, and Puerto Rico. The implications of this finding have both practical and theoretical dimensions. Practically speaking researchers interested in forecasting the unemployment rate for these states would be safe using a Gaussian ARMA approach to capture the dynamics of these series, since the times series behavior of unemployment in this group exhibits a pattern that does not depend on the stage of the business cycle. Theoretically, this result is inconsistent with the results when looking at aggregate unemployment, which show asymmetry that is fast up and slow down. These findings in the aggregate point toward models of the labor market that incorporate asymmetric adjustment costs such as search and matching models or models of hysteresis that include transaction or adjustment costs. The behavior of unemployment in this group of states appears to be inconsistent with such models that also imply asymmetry of unemployment rates.
Four of the forty-five states for which the unemployment rates are found to be asymmetric, show that the source of asymmetry is due to non-linearity in the functional form with Guassian innovations namely, California, Georgia, Kansas, and North Carolina. For these four states using linear approaches for modeling the behavior of unemployment would appear to be inappropriate. However, unemployment rates asymmetries documented in other states are attributable to a model that is linear with non-Gaussian errors. All of the asymmetric patterns found, with the exception of North Carolina, exhibit the fast-up and slow-down pattern which is consistent with the results of U.S. aggregate unemployment rates documented by Ramsey and Rothman (1996) and others. 5  t is the sample autocorrelation at lag t.
6 Q(6) and Q(12) are the Ljung-Box portmantaeu test statistic identifying the presence of sixth and twefth-order autocorrelation.
Under the null hypothesis of no autocorrelation, it is distributed as  2 with 6 and 12 degrees of freedom, respectively. 5  t is the sample autocorrelation at lag t.
Under the null hypothesis of no autocorrelation, it is distributed as  2 with 6 and 12 degrees of freedom, respectively. 4 Type I rejection is the time irreversbility due to non-linear but Gaussian innovation, Type II rejection is time irreversiblity due to linear but non-Gaussian innovation, and Time reversiblity indicates symmetry. 4 Type I rejection is the time irreversbility due to non-linear but Gaussian innovation, Type II rejection is time irreversiblity due to linear but non-Gaussian innovation, and Time reversibility indicates the symmetry. 4 Type I rejection is the time irreversbility due to non-linear but Gaussian innovation, Type II rejection is time irreversiblity due to linear but non-Gaussian innovation, and time reversibility indicates symmetry. 4 Type I rejection is the time irreversbility due to non-linear but Gaussian innovation, Type II rejection is time irreversiblity due to linear but non-Gaussian innovation, and Time reversiblity indicates symmetry.
